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Abstract 
This work encompasses evaluation of deposit and material related limitations on boiler performance and lifetime of CO2-free, 
oxyfuel operated power plants. The aim of the study was to determine the reliability of advanced and conventional boiler 
materials. Six alloys, varying from state-of-the-art ferritic-martensitic and austenitic Fe-based steels to an advanced Ni-based 
superalloy, were selected for the corrosion tests. Impact of oxy-firing of two fuels is considered in the study: S-lean bituminous 
coal from Indonesia and S-rich bituminous coal from Venezuela. Fireside corrosion tests were performed by two laboratories 
using varying methodologies: exposures in a combustion test rig using cooled corrosion probes followed by laboratory 
exposures and isothermal laboratory exposures only. The tests result in a similar ranking of the alloys’ corrosion resistance, but 
also revealed some differences in the formed corrosion products.
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of SINTEF Energi AS. 
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1. Introduction 
Important research activities on oxyfuel coal combustion are in progress throughout the world, primarily 
focusing on process feasibility, its potential contribution to CO2 reduction through separation and sequestration, 
and optimization of the combustion process. Detailed investigations regarding deposits and corrosion at varying 
temperature during oxyfuel combustion are few, despite that papers reviewing the oxyfuel process frequently 
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indicate high corrosion risk due to high concentration of corrosive gases such as SO2/SO3, (HCl, H2O and CO2) 
[1]-[3].  
Fireside corrosion observed in a boiler is a net result of synergy effect between the alloy, the flue gas and the 
deposit. Most of the studies run on corrosion are performed in laboratory set-ups due to cost limitations, however it 
is very difficult to depict all the conditions observed in a real boiler during the laboratory studies. Majority of the 
studies run worldwide concentrate either only on the corrosive influence of the gas atmosphere thus neglecting the 
interactions with the fly ash deposit; or consider only artificial fly ashes in the performed tests. Applied deposits 
represent often a very corrosive environment offering a quick alloy screening but no information on possible tube 
life expectancy after being installed in the boiler operating at certain conditions. Plentiful studies deal with flat 
metal coupons, thus neglecting influence of tube geometry. 
In the presented study, real fly ashes from oxy-combustion tests of two hard-coal qualities were used. The gas 
blends used in the tests depict the real combustion conditions of the both coals. Two different test procedures were 
used with the aim to study the usability of advanced and conventional boiler materials and see to which extent 
differences in test procedures might pose an effect on the resulting corrosion behavior of selected alloys. Both 
studies were focused on estimation of corrosion performance of selected materials and evaluation of deposit and 
material related limitations on boiler performance and lifetime of CO2-lean, oxyfuel operated power plants. 
Nomenclature 
abs.  absolute 
aus.  austenitic steel(s) 
Bal.  balanced 
BSE  back-scattered electron image 
[Cr]  chromium content in wt% 
EDS   energy-dispersive spectrometry 
fer.-mar.  ferritic-martensitic alloy 
GS  ground surface 
ICP-OES inductively coupled plasma optical emission spectroscopy 
k  constant referring to oxide characer 
lee  shadow-side, side hidden from direct flow of combustion and/or flue gas 
luv  wind-side, side exposed directly towards the flow of combustion and/or flue gas 
PR  S-rich Venezuelian Palma Rejo coal
RFCS  Research Fund for Coal and Steel 
S  sulphur (used as S-lean and S-rich while describing coals and test conditions) 
SEB  sulphur-lean Indonesian Sebuku Coal 
SEM  scanning electron microscopy 
SiC-paper abrasive grinding paper 
TIG-welding tungsten inert gas welding 
vol%  volume percentage 
w  with 
WDS  wavelength-dispersive spectrometry 
wt%  weight percentage 
w/o  without 
XRD  X-ray diffraction 
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2. Experimental  
2.1. Tested materials 
Main focus of the corrosion tests was on austenitic steels with varying chromium content.  These are: 304L, 
153MA, 253MA and 310S (see Table 1). All the mentioned austenitic stainless steels were TIG-welded tubes. 
Additionally a martensitic alloy T92 and a nickel-based grade 617 were selected for fireside corrosion tests [4].  
Table 1. Composition of the tested alloys (wt%). 
Alloy Cr Ni Fe Other 
617 22.0 Bal. (54.7) 1.1 C (0.006), Si (0.09),   Mn, P, S, Mo, Co, Al, Pb 
310S 25.3 19.1 Bal.  C (0.046), Si (0.059), Mn, P, S, Co, Cu, N, Nb 
253MA 21.0 11.1 Bal.  C (0.086), Si (1,6),     Mn, P, S, Co, Cu, N, Nb, Ce 
153MA 18.5 9.2 Bal. C (0.053), Si (1,16),   Mn, P, S, Co, Cu, N, Nb, Ce
304L 18.2 8.2 Bal. C (0.022), Si (0.4),     Mn, P, S, N 
T92 8.8 0.2 Bal.  C (0.1),     Si (0.24),   Mn, P, S, Mo, V, B, N, W, Cb 
2.2. Corrosion tests 
The oxy-fuel combustion tests were performed using two bituminous coals: a sulphur-lean Indonesian Sebuku 
and a sulphur-rich Venezuelian Palma Rejo coal. The firing tests were conducted in FoSper, 3 MWth combustion 
test rig of Enel as described earlier by Cumbo [5] and Stein-Brzozowska [4]. The gas atmosphere composition and 
fly ashes collected during the firing tests were used subsequently as an input for the long term-corrosion tests 
performed at the laboratories. 
At one laboratory (IFK) the samples were pre-exposed on cooled corrosion probes positioned in the combustion 
chamber of the technical scale test rig to form the first oxide scale and original initial deposit layers (see Table 2 
for deposit composition). The short-term pre-exposure (see Figure 2) was followed by a long-term iso-thermal 
laboratory exposure (see Figure 3). At the other laboratory (Swerea KIMAB) the samples were covered with a 
deposit slurry followed by a conventional long-term iso-thermal laboratory exposure without any pre-exposure 
(Figure 1).  
The first methodology allows for cost-effective studies of long-term corrosion behavior of samples, which have 
formed their initial protective oxide scale during real combustion exposure conditions including a temperature 
gradient across the tube wall. Moreover the influence of the tube geometry and deposit formation in real 
combustion conditions are considered as well at relatively low cost. Both laboratory test set-ups consisted of 
horizontal tube furnaces supplied continuously with a dedicated gas blend. Two test temperatures, 650°C and 
580°C were defined. 
For tests without pre-exposure the samples consisted of circle segments cut from tubes (Figure 1). The TIG-
welded alloys 304L, 310S and 253MA were prepared and exposed in two different ways: in the ground surface 
condition where the weld was not part of the specimen and in the as-received condition including the weld. 
Additionally duplicate specimens of T92 and Alloy 617 were exposed with a surface ground to 600 mesh SiC 
paper. For tests with pre-exposure whole tube rings with as-delivered surface condition were used allowing 
observation of lee- and wind-side of the tube (see Figure 3). Before being exposed all the specimens were 
thoroughly cleaned with alcohol and acetone. 
During the laboratory exposures, with samples pre-exposed in the test rig, the deposits (Table 2) were renewed 
every 200 h by spreading over the existing initial deposit layer new layers of fresh fly ash originating from oxy-
fuel combustion of S-lean and S-rich coals respectively (see Figure 3). For the other test series, weekly, after 
removal of “old” deposit layer the samples were coated by a fresh fly ash slurry layer generated using the same fly 
ashes as in case of the pre-exposed tests (Figure 1). For this purpose during the cooling sequence for tests without 
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pre-exposure the gas composition was deliberately not altered, except that the water content was lowered to avoid 
condensation on the samples. During the tests with pre-exposed specimens the samples were cooled in pure 
nitrogen in order to eliminate any possible reactions below the temperature range of interest.  
Table 2. Composition of initial deposit layer. 
S-lean deposit S-rich deposit 
Al2O3, wt% 27.5 14.06 
CaO, wt% 4.15 6.43 
Fe2O3, wt% 3.53 5.59 
K2O, wt% 1.37 1.74 
MgO, wt% 1.64 5.24 
Na2O, wt% 0.864 0.64 
P2O5, wt% 0.721 0.15 
SiO2, wt% 56.9 58.92 
TiO2, wt% 2.51 0.74 
SO3, wt% 3.77 6.49 
   
Figure 1. a) Specimen cut to the right dimensions, b) Specimen covered with a deposit, c) Specimen placed in the crucible 
Figure 2. a) Rings on corrosion probe before the exposure, b) and after the exposure in 
the combustion chamber. 
Figure 3. Pre-exposed ring 617 after 
subsequent 950 h of laboratory 
exposure. 
In total eight exposure series were run; see Table 3 for tests’ summary. The SO2 and H2O contents were varied 
so that they mimicked measured combustion conditions. For the tests without pre-exposures a more complex 
atmosphere was chosen including CO and N2 to simulate the effect of non-equilibrium conditions caused by 
incomplete combustion and air ingress, respectively. 
a) b) c) 
a) b)
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Table 3. Corrosion test conditions during laboratory exposures 
Test Temp. 
[°C] 
Deposit 
coal type 
O2  
[vol%] 
CO2  
[vol%] 
H2O  
[vol%] 
SO2  
[vol%] 
CO 
[vol%] 
N2
[vol%] 
Exposure time 
[h] 
w/o pre-exposure 
PR 580°C 
580°C S-rich 3 66.7 15 0.3 0.01 15 960 
w/o pre-exposure 
PR 650°C 
650°C S-rich 3 66.7 15 0.3 0.01 15 960 
w/o pre-exposure 
SEB 580°C 
580°C S-lean 3 66.9 15 0.1 0.01 15 960 
w/o pre-exposure 
SEB 650°C 
650°C S-lean 3 66.9 15 0.1 0.01 15 960 
w pre-exposure 
PR 580°C 
580°C S-rich 3 86 11 0.3 - - 950* 
w pre-exposure 
PR 650°C 
650°C S-rich 3 86 11 0.3 - - 950* 
w pre-exposure 
SEB 580°C 
580°C S-lean 3 82 15 0.1 - - 950* 
w pre-exposure 
SEB 650°C 
650°C S-lean 3 82 15 0.1 - - 950* 
* only laboratory tests considered not including the 50-hour pre-exposure time 
2.3. Analytics 
After completed exposures the metal specimens were investigated by light optical microscopy and scanning 
electron microscopy (SEM) with energy- and wavelength-dispersive X-ray spectroscopy (EDS, WDS) to analyze 
the morphology and composition of the corrosion products. The corrosion behavior of the materials was compared 
by measuring the total metal loss after completed exposures and by determining the corrosion rate with respect to 
1000 h estimated as indicated in formula (1) and measured with the help of SEM-images of the corrosion products. 
The total metal loss corresponds to the reduction in load-bearing tube section and the corrosion rate presented and 
discussed in section 3.1 relates always to 1000 h. 
Total metal loss = max observed depth of internal corrosion + k* (max observed external oxide scale) (1) 
Precise analysis requires small differences in the used k-values, because the oxide types vary significantly (iron 
oxide, chromia, spinel, mixed spinels, spinels mixed with single oxides) resulting in varying oxide to metal density 
ratios and cation to anion ratios. For the tests without pre-oxidation the k-values were determined to be in the  
range 0.43-0.47 depending on the alloy. For simplicity an average constant k = 0.5 was used for the tests with pre-
exposure, since this is common industrial practice and the error is almost negligible. 
Some of the original deposits on the corrosion probe rings from the pre-exposures were collected and analyzed 
by ICP-OES and XRD directly after removal from the combustion chamber and before the laboratory tests. The 
procedure was repeated after the long-term corrosion tests were completed. The change in composition of the 
deposits is discussed in section 3.2 . 
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3. Results and discussion 
3.1. Corrosion 
3.1.1. Corrosion rate 
As expected, with increasing temperature higher corrosion rates at 1000 h were noticed in both studies (pointed 
by arrows in Figure 4 and Figure 5). Moreover austenitic alloys performed generally better than ferritic-martensitic 
(indicated by grey frames in Figure 4 and Figure 5). However, relating alloys’ performance with exposure 
conditions, higher corrosion rates at 1000 h were not always evident for the samples pre-exposed in the test rig. 
The main differences between the studies were noticed in the behavior of grades 310S and 617.  
Figure 4. Corrosion rates during tests at S-lean conditions. The results 
for T92 and 617 from the tests w/o pre-exposure relate to samples 
with ground surface. Higher corrosion rate with increasing 
temperature. (see arrows). Austenitic alloys (aus.) perform better that 
ferritic-martensitic material (fer.-mar.).
Figure 5. Corrosion rate during tests at S-rich conditions. The results 
for T92 and 617 from the tests w/o pre-exposure relate to samples 
with ground surface. As during S-lean tests: higher corrosion rate with 
increasing temperature. (see arrows); and austenitic alloys (aus.) 
perform better that ferritic-martensitic material (fer.-mar.). 
Looking at Figure 6 and Figure 7 where the corrosion rates are displayed for the specimens that were not pre-
exposed in the test rig, a clear dependence between chromium content and alloy performance can be observed. 
With increasing chromium content the corrosion rate decreases as the rule of the thumb claims. However, when 
looking at the corrosion rates determined at the pre-exposed species (Figure 8 and Figure 9) this rule seems to be 
debatable since the alloys 310S and 617 do not follow the trend. Higher corrosion rates at both tubes are due to 
attack along grain boundaries observed at both grade 310S and 617 (see Figure 10 and Figure 11). That this attack 
is originating partly from the tube manufacturing process cannot be excluded after analyzing the pre-exposed 
species. Nevertheless, the irregular pits present along the metal surface of 310S (see Figure 14) were not detected 
to this extent during the test series without pre-exposure. In case of Alloy 617, intergranular oxidation with 
precipitation of alumina along the grains was reported earlier in fireside corrosion studies under air-combustion 
[6]. Important to add is the fact that the non-pre-exposed specimens of grade 617 underwent machining before the 
samples were exposed, meaning that approx. 30 µm of the original tube surface material was removed and that is 
as deep as the observed intergranular attack reaches. 
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Figure 6. Corrosion rates during tests at S-lean conditions w/o pre-
exposure. The results for T92 and 617 from the tests w/o pre-exposure 
relate to samples with ground surface. Improved corrosion 
performance with increasing chromium content. 
Figure 7. Corrosion rate during tests at S-rich conditions w/o pre-
exposure. The results for T92 and 617 from the tests w/o pre-exposure 
relate to samples with ground surface. Improved corrosion 
performance with increasing chromium content. 
Figure 8. Corrosion rates during tests at S-lean conditions with pre-
exposure. Original tube surfaces considered. Debatable direct 
dependence between increasing chromium content in alloy matrix and 
better corrosion resistance. 
Figure 9. Corrosion rate during tests at S-rich conditions with pre-
exposure. Original tube surfaces considered. Debatable direct 
dependence between increasing chromium content in alloy matrix and 
better corrosion resistance. 
  
Figure 10. Grade 310S, pre-exposed PR 650°C. Attack along grain 
boundaries (courtesy of Outokupmu). 
Figure 11. Grade 617, pre-exposed PR 650°C. Attack along grain 
boundaries (courtesy of Outokupmu). 
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3.1.2. Sulphur induced corrosion and oxidation 
For the test series, without pre-exposure in a combustion environment, increased SO2 concentration resulted in 
an increased corrosion rate for some alloys displaying even double and higher corrosion rates than respective S-
lean specimens (compare Figure 6 vs. Figure 7: at 650°C: 310S, 253MA and T92). Chromium and manganese 
sulphides were detected at the oxide-metal interface of several alloys (T92, 304, 253MA), and at higher amounts 
during S-rich tests and with increasing temperature (see Figure 12 and Figure 13).  
Figure 12. Sulphides on T92 exposed without pre-exposure. 
Extent of sulphides increases with temperature and S-content in 
the gas phase and deposit. 
Figure 13. Sulphides on 304L exposed without pre-exposure. 
Extent of sulphides increases with temperature and S-content in 
the gas phase and deposit. 
On the opposite, tests with pre-exposure (Figure 8 and Figure 9), where not only SO2 but as well H2O contents 
were varied, surprisingly showed for most specimens (T92 see Figure 15, 304L only at 580°C, 310S, 617 at 
580°C) a slightly higher corrosion rates during S-lean tests, which were characterized by a 4%
-abs. higher H2O 
content (15 % in S-lean vs. 11 % in S-rich). Whether a small increase in H2O content (15 % vs. 11 %) has a greater 
impact on the overall corrosion rate than a threefold difference in SO2 concentration (0.1 % vs. 0.3 %), should be a 
subject of further research. In the studies of Holcomb et al. [7] T91 (similar to T92) and 347TP (similar to 304L) 
displayed higher corrosion rates at higher water contents in conditions simulating oxy-fuel combustion 
atmosphere. Increased tendency in alloy oxidation with elevated water content was as well observed by Piron [8] 
and Asteman [9]. More authors agree that water plays a significant role in oxide formation and its stability [8]-[13]. 
Nevertheless, oxidation rates observed on austenitic alloys during the studies described in this paper are relatively 
low and thus have not been defined as problematic for a full scale boiler operation under oxy-fuel conditions. 
During the S-rich tests with pre-exposure no sulphides were noticed in the corrosion product. Slight presence of 
sulphur in the oxide scale was observed and mostly at the lee-side where the deposit was not renewed Figure 14. 
At the wind-side (luv) where the deposit was regularly refreshed barely any sulphur in the corrosion products was 
found during S-rich tests (see Figure 14). Possibly, this is an effect of the observed sulphur-binding capacity of the 
deposits (see section 3.2). 
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Figure 14. Sulphur in corrosion products: more S found at lee side where no deposit refreshment took place. Barely any sulphur found at LUV-
side where deposit was refreshed regulary. Some S found at lee-side (no deposit refreshment). 
T92 is characterized by formation of double-layered thick oxide-scale: outer Fe2O3-dominated and inner mixed 
containing less iron but more chromium oxides and including Cr-rich isles (Figure 15). Additionally, an internal 
oxidation selective to Cr, reaching almost 20 µm, was detected. 
Figure 15. Typical oxide structure observed at T92. Upper row: S-rich w. pre-exposure 580°C, bottom row: S-lean w. pre-exposure 580°C. 
Outer oxide scale formed by Fe2O3, below lying a mixed oxide layer containing less iron, more chromium oxides and including Cr-rich isles, 
further down an internal oxidation selective to Cr.
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Irregular oxides are observed along the surfaces of 153MA, 253MA and 304L. All three alloys tend to create 
oxides characterized by an outer hematite and inner chromia layer. Although at lower temperatures the mixed 
oxides are prevailing on 304L. Moreover 304L is characterized by internal attack along grain boundaries, similarly 
as 310S. Some buckling effect was noticed occasionally on 304L at 580°C but not detected at 650°C as reported 
previously in [4]. 
For grade 617 both studies result in the oxide scale to be negligible at lower temperatures. With increasing 
temperature the oxide scale is still very thin beside some external oxide nodules observed occasionally on the pre-
exposed 617 specimens. The main difference between the both laboratories, not depicted by the mass change 
measurement is the irregularly occurring intergranular oxidation accompanied by the aluminum precipitation (as 
mentioned in section 3.1.1 and depicted in Figure 16).  

Figure 16. S-rich, 617 pre-exposed at 580°C: intergranular oxidation with alumina precipitation. 
The ground surface of 617 samples tested without pre-exposure did not show any presence of this corrosion 
form, whereas all the four pre-exposed 617 specimens indicated presence of intergranular oxidation reaching 
approximately 30 µm and confirmed by other studies on original 617 tube material in the as-received condition [6]. 
As ground 617 samples do not reveal any failures, the internal oxidation observed at pre-exposed 617 rings, may 
be explained by the original tube surface being removed during the grinding process.  
No signs of accelerated corrosion attack were noticed at the position of the welds on the 304L, 310S and 
253MA specimens showing that the corrosion resistance of the welds was comparable with the base metal.
3.1.3. Outlook 
Since the mass change measurements of the exposed specimens do not depict significant corrosion forms such 
as intergranular oxidation thus potentially delivering a wrong impression on the alloy’s performance, it is advised 
to apply visual analytical techniques while determining corrosion rates of original surfaces not influenced by any 
machining. Although the use of ground surfaces allows for a better comparison of different alloy compositions and 
their impact on corrosion of the observed alloys, it does not represent the actual surface condition of the real tube, 
which is also relevant to consider during corrosion studies.  
Although the present study contained reasonably long exposures, the trends in corrosion behavior of the tested 
materials need to be confirmed in long-term field tests to allow safe prediction of the tube materials lifetime in 
oxy-fuel fired boilers.  
3.2. Deposit 
During both firing tests the formed primary deposit layers collected from corrosion probe rings (Table 2) after 
completed exposures in combustion test rig revealed much higher sulphur content compared to other collected fly 
ashes as reported in [4] and [5]. Although in the applied coals the earth alkali content is low, calcium magnesium 
sulphate is detected on the cooled surfaces [4].  
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In order to support evaluation of influence of deposit on fireside corrosion, the deposits were analyzed again 
after the laboratory tests of pre-exposed samples had been completed. An enrichment of sulphur over time was 
clearly stated using a standard ICP-OES method and is shown in Figure 17. Summarizing, the deposits captured 
sulphur from the sulphurous species present in the gas phase and referring to the initial S-content in the deposits 
after tests termination sulphur was found to be higher: 
• by a factor 3 in deposits of S-rich coal ash 
• by a factor of 1.2 in deposits of S-lean coal ash. 
Figure 17. S-enrichment in deposit over exposure time at 580°C and 650°C. Compared to initial S-content in initial deposit layer as collected in 
the test rig, S-content increases in deposit during exposures in the laboratory. 
The XRD analyses confirmed the sulphur enrichment of the deposits. The element was mostly present in the 
form of anhydrite and calcium-magnesium sulphate. Additionally looking at SEM-WDS element maps, S appears 
together with K and O in the form of S-rich rim surrounding particles of Ca-Mg-rich core (see Figure 18). 
Although simultaneous presence of K, S and O points at presence of potassium sulphate known for its very 
corrosive role in hot corrosion type II [14] still no signs of this type of corrosion were observed on the analysed 
specimens. Moreover increasing of anhydrite and calcium magnesium sulphate over time, especially in case of S-
rich tests confirms that the fly ash captures sulphurous species from the gas phase. The two phases do not seem to 
accelerate corrosion process since they remain stable in the observed conditions. 
The sulphur enrichment of deposits over time indicates the sulphur-binding capacity of fly ashes. It can be 
presumed that this feature has a partly protective role against sulphur-induced fireside corrosion, rather than the 
opposite, since no eutectic melts of fly ash and alloying elements were found on the samples. This is further 
supported by the observation that sulphur among the corrosion products was observed mostly at positions, where 
the deposit had not been renewed during exposure, and only during the S-rich tests in case of pre-exposed 
specimens. However, further observations are necessary. 
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Figure 18. Deposit on pre-exposed in S-reach conditions 310S. Typical S-rim around calcium and magnesium-rich fly ash particle. Potassium 
(K) and oxygen (O) are found in the rim as well. 
4. Conclusions  
Influence of combustion of two hard coals on fireside corrosion performance was studied on following alloys: 
a ferritic–martensitic grade T92, a nickel-based superalloy 617 and four austenitic alloys with varying chromium 
content 304L (18%Cr), 153MA (18.5%Cr), 253MA (21%Cr), and 310S (25%Cr). Fireside corrosion tests were 
performed by two laboratories using varying methodologies: exposures in a combustion test rig using cooled 
corrosion probes followed by laboratory exposures and isothermal laboratory exposures only. 
Although some discrepancies are observed in the morphology and composition of corrosion products between 
the laboratories, the two types of tests result in very similar alloy ranking and comparable dimensions of metal 
loss. The highest corrosion rate was observed on the ferritic-martensitic steel, while the tested austenitic alloys 
performed substantially better. Improved performance was noticed with increasing Cr content in case of not pre-
exposed species including some specimens characterized by grinded surface; a direct relation between the Cr 
content and the corrosion rate could not be established in case of pre-exposed specimens with original tube 
surfaces. The very good performance of two of the austenitic steels (253MA 21%Cr and 153MA 18.5%Cr) is 
probably a consequence of their high Si content, which is added to improve the high temperature oxidation 
resistance [16]. However more tests are suggested to confirm it. 
Analysis of the deposits performed after completed tests with samples pre-exposed in the test rig revealed 
enrichment of sulphur over time reaching up to a factor of three. The sulphur enrichment of deposits over time 
indicates the sulphur-binding capacity of fly ashes. It can be speculated that this feature has a partly protective role 
against sulphur-induced fireside corrosion, rather than the opposite, since no eutectic melts of fly ash and alloying 
elements were found on the samples. This is further supported by the observation that sulphur among the corrosion 
products was observed mostly at positions, where the deposit had not been renewed during exposure, and only 
during the S-rich tests. Further observations are suggested with varying mineral systems. 
For the test series, without pre-exposure in a combustion environment, increased SO2 concentration resulted in 
an increased corrosion rate. Sulphides were found in the corrosion products of several alloys, and at higher 
amounts during S-rich tests. Surprisingly, during the tests with pre-exposed species slightly thicker oxides were 
noticed on alloys exposed at S-lean tests characterized by a slightly higher H2O content than respective S-rich tests. 
246   G. Stein-Brzozowska et al. /  Energy Procedia  51 ( 2014 )  234 – 246 
Whether a small increase in H2O content (15 % vs. 11 %) in oxy-fuel combustion atmosphere characterized by 
high partial pressure of CO2 has a greater impact on the overall corrosion rate than a threefold difference in SO2
concentration (0.1 % vs. 0.3 %), should be a subject of further research. 
It should be taken into account that mass change measurements of the exposed specimens do not depict 
significant corrosion forms such as intergranular oxidation thus delivering occasionally a wrong impression on the 
alloy’s performance. Therefore determination of corrosion rates is suggested to be either verified or performed 
mainly using the visual observations with known micro-analytical techniques. Moreover, although the use of 
ground surfaces allows for a better comparison of different alloy compositions and their impact on corrosion of the 
observed alloys, it does not reveal the actual condition of the applied tube, which is also relevant to corrosion 
studies.  
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